Abstract. It happens routinely during WET runs that two telescopes are simultaneously available at the same longitude. So far, such redundancy has been used to observe two different targets. However, it can be also used to observe the same target in parallel, increasing the light gathering power of the Whole Earth Telescope. We present here the proper way of treating such simultaneous data and discuss the noise reduction that can be achieved in this way.
Introduction
During the last night of May 1991 WET campaign, a DAV white dwarf GD 154 was observed simultaneously by the 36" and 82" telescopes at the McDonald Observatory. The purpose of this experiment was to see if the data taken by two telescopes can be co-added in order to create in effect a "bigger telescope". On both telescopes the runs started at full minute mark and used the same (5 s) integration time. This assured a bin-to-bin correspondence between the runs. Two-channel photometers have been used. The 36" telescope (J. Provencal) observed the target star and a comparison star, while the 82" telescope (E. Nather & P. Moskalik) observed the target star and the sky. Crosscalibration of channels (for sky subtraction) has been done on both telescopes at the same time and special care has been taken to do it on the same spot of sky. Both runs are part of the GD 154 WET dataset (Pfeiffer, in preparation; Vauclair et al., in preparation) .
Experiment
First, the two runs have been analyzed separately in the standard way (Nather et al. 1990 ). In Table 1 we show the sky and the target counts for both telescopes (per 5 s integration) at the beginning of the night. The data are strongly sky-dominated, especially on the 36" instrument. The reduced light curves are plotted in Fig. 1 and their Fourier (amplitude) spectra in Fig. 2 . The only signal visible in the data is a peak at 840 fiHz (1190 s) and its two harmonics. The noise in the Fourier spectrum is ~8 mma and ~2 mma for 36" and 82" telescopes, respectively. As a second step, the two runs have been co-added, by adding "bin-by-bin" the counts from both channel-1 phototubes. The reduced light curve of such a combined run is plotted in Fig. 1 (bottom) and the Fourier spectrum in Fig. 3 (top) . The noise level in the spectrum is ~2 mma, i.e., it is the same as for the 82" data alone. This is not a surprise. The 36" telescope contributes only 10% to the counts from the target star, but increases the total sky counts by as much as 20%. What we gain on the photon noise from the target star, we loose due to the photon noise from the sky. Back of the envelope, calculations show that the measurement error for a single 5 s integration point is about 1.17% for the combined data and 1.19% for the 82" data alone.
As a third step, the two runs have been co-added in the Fourier transform. We have calculated the Fourier spectrum, treating the two runs as two independent chunks of data in the same dataset. This is how we usually treat overlapping data in the standard reduction. The resulting amplitude spectrum is shown in Fig. 3 (bottom) . The noise level is now about 4 mma, which is higher than for the 82" data reduced alone. The reason is that we have added the two runs giving them the same weight, which is not correct. However, when we repeat the Fourier analysis, but with runs weighted proportionally to the net counts from the target star, we obtain the same results as if co-adding the runs "bin-by-bin".
Error analysis
The error budget in the analyzed data is dominated by the photon noise. The scintillation noise is for both telescopes an order of magnitude smaller (Warner 1988; Eq. 1.9) . Let ni, si be the net counts from the target star and from the sky, respectively, as observed on the larger telescope. Let n2 and 32 be the same quantities for the other telescope. Assuming Poisson distribution of the photon counts, the error of the single measurement is given by 
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when combining the data from both telescopes. The goal of coadding the runs is to reduce the noise, i.e., to make (6n/n)i+2 smaller than (6n/n)i. 
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Fourier summed no weights The last expression applies to data discussed in this presentation. Putting into the above equation the counts given in Table 1 we find that (Sn/n) 1+2 = 1.009(6n/n)i. The expressions above are derived under assumption that the scintillation noise can be neglected. For the brighter stars or for very low sky counts this assumption might be violated. This does not change the conclusions for the case of two identical telescopes. For two very different telescopes, however, the presence of the scintillation noise makes error reduction through co-adding the data even harder. This is so, because the scintillation noise of the smaller telescope constitutes an additional contribution to the total error budget, which can outweigh the benefit of collecting more photons from the target star.
Conclusions
The conclusions from the experiment are as follows:
1. Co-adding data taken simultaneously by two telescopes is possible. The correct way of doing it is to add counts "bin-by-bin". For the data analyzed here the noise has not been reduced in the process, the reason being very high sky counts contribution from the smaller telescope. The noise properties of the combined run are as expected, though. This assures us that we do understand the process. 2. Simple error analysis shows that most can be gained by coadding data taken by two telescopes of the same size. In such a case the noise is reduced by a factor of l/\/2. 3. We do not gain much by co-adding data from telescopes of very different sizes. In this case the strongest noise reduction is achieved when the sky brightness is low. For moderate or high sky counts the noise can be easily increased, however. 4. We can add two overlapping runs in the Fourier transform, treating them as two independent chunks of data. However, we have to assign to them weights proportional to the net counts from the target star. 5. Adding overlapping runs without weights is incorrect. This result suggests that we should use weights also for non-overlapping runs.
